The complete nucleotide sequence of plasmid pAP4 isolated from Acetobacter pasteurianus 2374
Introduction
Acetic acid bacteria are Gram-negative cells that have an obligatory aerobic metabolism. They are commonly found in nature. Because of their high resistance to acidity and the variety of substrates they can use, they are one of the main food spoilage microorganisms and their presence is mostly related to food modification and human activities for food preservation.
Plasmids are key players in the team of mobile genetic elements that provide key vehicles for gene transfer between bacteria (Thomas, 2000) . They can act as agents of accelerated evolution and contribute directly in the adaptation of bacteria to their natural environments (De la Cruz & Davies, 2000) .
Many acetic acid bacteria contain indigenous plasmids. Most of them are small cryptic plasmids which may by dispensable for the host cells and they are stably maintained in a growing cell. More than 90% of acetic acid plasmids have been isolated from the species capable of vinegar fermentation, isolated from bacterial strains capable for glucose oxidation and cellulose synthesis (Tonouchi et al., 1994) . Acetobacter cells have usually more than one plasmid per cell (Okumura et al., 1985; Fujiwara et al., 1992; Takeda & Shimizi, 1992; Fomenkov et al., 1995) ; their size varying from 1 to 10 kb.
From the Acetobacter genera group of plasmids were characterised. pAH4 (Tonouchi et al. 1994) , pAP12875 (Fomenkov et al., 1995) , pAP1 and pAP2 were isolated from Acetobacter pasteurianus (Krahulec et al., 2003) , pJK2-1 from Acetobacter europaeus JK2 (Trček et al., 2000) and pAG20 from Acetobacter aceti 3620 (Kretová et al., 2005) . Based on cryptic plasmid pAC1 from Acetobacter pasteurianus several plasmid vectors have been construed (Grones et al., 1991; Grones & Turňa, 1992) . There vectors were used for cloning, successfully transformed and expressed not only in E. coli, Acetobacter, but they also were able to replicate in some Gram-negative and Gram-positive bacteria (Grones et al., 1993; Grones & Turňa, 1995) .
Here we describe the isolation and characterisation of pAP4 plasmid from Acetobacter pasteurianus. This plasmid may potentially be used for construction of new cloning vehicles and serve as another model for comparative studies on regulation replication of another Acetobacter plasmids.
Material and methods
Bacterial strains, plasmids, growth conditions, and transformation procedures Bacterial strains and plasmids used in this study are listed in Table 1 . YPG (GRONES et al., 1989) and LB media were used for routine cultivation of both Acetobacter pasteurianus and Escherichia coli. When necessary, kanamycin (Km) and ampicillin (Ap) were added to the medium at a concentration of 30 µg/mL and 100 µg/mL, respectively. Transformation of A. pasteurianus was performed as described previously (BILSKÁ & GRONES, 2003) with plasmid DNA concentration of up to 0.5 mg/mL in the transformation mixtures. Transformation of E. coli was carried out as described by HANAHAN (1983) .
Isolation of plasmid DNA
The plasmids used are listed in Table 1 . Plasmid DNA from E. coli cells was isolated according to BIRNBOIM and DOLY (1979) and from A. pasteurianus cells using the modified method of GRONES et al. (1989) . Plasmids from sequence analyses were purified using the Wizard Plus Midipreps DNA Purification System (Promega).
Molecular genetic techniques
Restriction enzymes digests, isolation of DNA fragments from agarose gels and molecular cloning were performed using standard techniques (SAMBROOK et al., 1989) . E. coli cells were transformed according to the methods of MANDEL and HIGA (1970) . Plasmid DNA was separated on 0.7 to 1% agarose gel in TAE buffer (SAMBROOK et al., 1989) . DNA bands were visualised under UV light and photographed.
Sequencing of pAP4
PstI fragments of pAP4 were cloned into the PstI site of pUC19. Then, using the resultant three plasmids as template. The nucleotide sequence of plasmids pAP52, pAP53 and pAP54 were determined by the dideoxy chainterminating method with ABI PRISM 310 DNA sequencer (Beckman). The primers used for sequencing were the universal forward and reverse primers, and the primers generated from the internal sequence of pAP4. Sequence similarity researches were conducted online using the BLAST programs at http://www.ncbi.nlm.nih.gov/BLAST/.
Segregational stability of plasmid Plasmid segregational stability was determined as the fraction of culture that maintained the tested plasmid after growth for 250 generations without selection on LB or YPG medium at 37
• C or 28
• C, respectively. Culture was assayed for plasmid maintenance at 0 to 50 generations by testing 100 randomly selected colonies for the plasmid borne antibiotic resistance phenotype. Correlation between phenotype and plasmid content was confirmed by analysing the plasmid profile of resistant colonies and examined by agarose gel electrophoresis. Segregational stability of each plasmid was defined as (the number of Km R colonies)/(total number of colonies) × 100%.
Assessment of plasmid copy number A. pasteurianus and E. coli DH1 with pAP4 and pBR322 plasmid were cultivated in YPG or LB liquid medium for ower night at 28
• C or 37
• C, respectively. Total DNA was isolated from the same amount of the cells (OD590 = 1.0) of each culture using the SDS-lysozyme lysis method (GRONES et al., 1989) . Total DNA thus obtained was then purified by ethanol precipitation and examined using 1% agarose gel electrophoresis. After ethidium bromide staining, the gel image was scanned and the intensity of each band was integrated with the SCION Image program. The density of pAP4 plasmid was first normalized with that of the chromosomal DNA; then the density of pAP4 was compared with that of pBR322. Copy numbers of those plasmids were calculated on the basis of pBR322 being fifteen copies (SUT-CLIFFE, 1979) with respect to the size of each plasmid.
Nuclotide sequence data deposition
The complete nucleotide sequence of pAP4 plasmid consisting of 3 870 bp were deposited with the GenBank (http://www.ncbi.nlm.nih.gov/GenBank/) under the Accession No. AM295100.
Results and discussion
Plasmid was prepared from Acetobacter pasteurianus 2374 T and resolved by agarose gel electrophoresis. The middle migration plasmid around 3.9 kb in size, termed pAP4, was selected, recovered from the agarose gel, and used to transform E. coli DH1. Transformants were selected on LB medium with kanamycin. Restriction analysis by enzyme PstI suggested three patterns with different length (1,876 bp, 1,234 bp and 754 bp). For the identification of position of minimal replication region two deletion derivatives of plasmid pAP4 were prepared after partial digestion with PstI. By deleting the middle PstI fragment, pAP50 plasmid 754 bp shorter was prepared. The second deletion derivative pAP51 was 1,235 bp smaller than pAP50 (Fig. 1) . The first plasmid was selected on LB medium with ampicillin and the second one with kanamycin. Replication region of plasmid pAP4 was located on the largest PstI fragment.
The complete nucleotide sequence of pAP4 consists of 3,870 bp (Acc. No. AM295100). Content of G+C equals 50.02%, which was almost the same as that of the genome of Acetobacter. Computer analysis of nucleotide sequence of plasmid pAP4 revealed eight putative ORFs longer than 200 nt. Only two ORFs, designated ORF1 and ORF2, were found to contain putative ribosome binding sites and promoter-like sequence similar to the consensus sequence of Acetobacter (Kretová et al., 2005) , in their 5' upstream regions (Fig. 1) .
The first ORF1 (1107-478bp) encodes a protein responsible for kanamycin resistance (aminoglycoside-3'-phosphotransferase -aphI, 210 amino acid residues). A basic gene is a derivative of the gene of Tn903 transposone (271 residues; AAB63351). Nucleotide sequence of the aphI gene in plasmid pAP4 is thus encoding a protein 61 amino acid residues shorter than the gene in Tn903 transposone (77.4% identity), and 29 amino acid residues longer than the gene from E. coli (181 residues; AAX53116; 86.2% identity).
Gene of ampicillin resistance (penP) of plasmid pAP4 was identified in the second ORF2 between 3651 to 2791 bp (861 bp long penP gene) encoding a 286 amino acid residues long β-lactamase protein. Nucleotide sequence of penP gene resistance is identical to genes in the plasmids and transposon Tn3 (AAQ73497).
Putative consensus promoters were recognized upstream of ORF1 ( 1148 TAAAAC-17-AGTAATA) and ORF2 ( 3692 TTGGGA-16-TATAAC). Putative promoter region for the gene resistance to ampicillin is identical as described for the genes in plasmid pBR322 (Sutcliffe, 1979) . Upstream of ORF2 RBS ( 3659 CTTTT) was determined.
Replication origin was uncovered upstream of the ORF2 on the largest PstI fragment. Analysis of nucleotide sequence of plasmid pAP4 does not determine the putative replication protein. Replication region ColE1 plasmid encodes two RNAs, RNAI and RNAII, important for plasmid replication. Comparison of nucleotide sequence of plasmid pAP4 with that of pColE1 (Chan, 1985) revealed several dissimilarities. Gene for RNAI is shorter in 12 nucleotides. Deletion of ten nucleotides is in the position 37 nucleotides from 5'end of RNAI in position 2,375. The same deletion of nine nucleotides is in the gene for RNAII (Fig. 2) . The changes of nucleotide structure of both RNAs induce creation of different secondary structure of RNA which are important as primer for initiation of plasmid replication. Structural alterations induce the using of alternative mechanism of plasmid replication as was described in ColE1-like plasmids (Wang, 2004) . The origin of replication of both pAP4 and pColE1 plasmids is identical and is localised in position 2028 GCAAAAA.
The nucleotide sequence of 850 bp DNA fragment of plasmid pAP4 (nucleotides 1750-2600 bp; 56.5% of G+C) has shown a very high degree of similarity to the corresponding regions of the plasmids of the ColE1 family (Chan et al., 1985) . The identity of the region of pBR322 and pColE1 from E. coli, pAP2 from Acetobacter pasteurianus (Krahulec, 2003) , pLG13 from E. coli, pPIGDM1 from Enterobacter agglomerans (Mikiewicz, 1997), p29807 from Yersinia entero- colitica (Strauch, 2000) , pColJs from Shigella sonnei (Šmajs, 2001) , pSFD10 from Salmonella choleraesuis (Liu, 2002) is 90, 92, 98, 95, 94, 91 and 92 %, respectively. The phylogenetic tree based on the homologous regions of the above-mentioned plasmids is shown in Figure 3 .
The segregational stabilities of pAP4 and its derivatives, pAP50 and pAP51, in strains A. pasteurianus 3614, E. coli DH1 and E. coli RR1 were measured after 250 generations of cultivation. All plasmids were stably maintained in population of E. coli DH1, E. coli RR1 and A. pasteurianus 3614 cells grown in the absence of antibiotic (kanamycin or ampicillin) after the entire tested period. DNA electrophoresis on agarose gels confirmed that the cells sensitivity to kanamycin or ampicillin contained analysed plasmid DNA. Such high segregation stability can be expected in the case of plasmids replication analogous to the high copy number plasmids.
To asses the copy number of pAP4, the strains harbouring pAP4 and pBR322 were cultivated, and the total DNA was prepared from the same amount of the cells. After agarose gel electrophoresis, the intensities of the bands corresponding to the plasmids were quantified as described in Materials and methods section. The intensity of pAP4 was 0.33-fold and 2-fold of that of pBR322 for Acetobacter and E. coli, respectively (figure not shown) . Since the copy number of pBR322 was known to be fifteen (Sutcliffe, 1979; Wang et al., 2004) , we estimated the copy number of pAP4 to be about 5 in Acetobacter and 30 in E. coli.
